We calculate the contributions of the top-Higgs h 0 t predicted by topcolor assisted technicolor(TC2) models to e + e − −→ tcν e ν e and compare the results with the contributions of h 0 t to the processes e + e − −→ Zh 0 t −→ Ztc and e + e − −→ γh 0 t −→ γtc. We find that e + e − −→ tcν e ν e is very sensitive to h 0 t , which can be easy detected via this process at high-energy e + e − collider(LC) experiments with √ s ≥ 500 GeV , as long as its mass below the tt threshold. The process e + e − −→ γtc also can be used to detect h 0 t at LC experiments.
An important issue in high-energy physics is to understand the mechanism of the mass generation. The top quark, with a mass of the order of the weak scale, is singled out to play a key role in the dynamics of the electroweak symmetry breaking (EWSB) and flavor symmetry breaking. There may be a common origin for EWSB and top quark mass generation. Much theoretical work has been carried out in connection to the top quark and EWSB. The topcolor-assisted technicolor (TC2) models [1] , the top see-saw models [2] and the flavor universal coloron models [3] are three of such examples. Such type of models generally predict a number of scalars with large Yukawa couplings to the third generation.
For example, TC2 models predict the existence of the top-pions (π ± t ,π 0 t ) and the neutral CP-even state, called top-Higgs h 0 t , which is analogous to the σ particle in low energy QCD. These new particle are most directly related to the EWSB. Thus, studying the possible signatures of these new particles at high energy colliders would provide crucial information for the EWSB and hopefully fermion flavor physics as well.
It is well known that there is no flavor changing neutral current (FCNC) at tree-level in the standard model (SM). The production cross section of the FCNC process is very small at one-loop level due to the unitary of CKM matrix. Thus, the FCNC process can be used to search for new physics. Any observation of the flavor changing coupling deviated from that in the SM would unambiguously signal the presence of new physics. For TC2 models [1] , the underlying interactions, topcolor interactions, are non-universal and therefore do not possess a GIM mechanism. The scalars predicted by this kind of models can induce the flavor changing scalar couplings and give distinct new flavor mixing phenomena which may be tested at both low and high energy experiments [4, 5] According the idea of the TC2 models, there is the following relation:
where ν π represents the contributions of the TC or other interactions to the EWSB,
GeV is decay constant of the scalars (top-pions or top-Higgs) predicted by the TC2 models, and ν w = v/ √ 2 ≃ 174 GeV . Thus, the majority of masses of gauge bosons W and Z come from the technifermion condensate. The couplings of the top-Higgs h 0 t to the electroweak gauge bosons W and Z at tree level are suppressed by the factor F t /ν w with respect to that of the SM Higgs H:
The couplings of the top-Higgs h 0 t to the third generation quarks, including the t − c transition, can be written as [1, 4] :
b is the part of the bottom quark mass generated by instanton effects, which we assume
, which ǫ is a model dependent parameter. In this paper, we assume that the part of the top quark mass generated by the topcolor interactions makes up 99% of m t , i.e. ǫ = 0.01 and take the parameter K tc as a free parameter.
The couplings of the top-Higgs h 0 t to gauge boson pairs gg, γγ or Zγ are similar to those of the neutral top-pion π 0 t which come from the top quark triangle loop. The general form has been given in Ref. [5, 6] . Thus, for 200GeV ≤ m ht ≤ 400GeV , the total decay width Γ mainly comes from the decay modes bb, tc, W W , ZZ, gg and tt (if kinematically allowed).
The process e + e − −→ tcν e ν e can be well approximated by the W + W − fusion process:
It has been shown [7] 
with
Where Γ is the total width of h 0 t and √ s is the center-mass-energy of the WW center-mass frame. Due to a severe CKM suppression, the cross section σ(W [8] . Thus, in above formula, we have neglected the SM contributions.
The cross section σ tcνν of the process e + e − −→ tcν e ν e can be obtained by folding the
where the helicities λ ± of the W ± each run over 1, 0, -1. f λ + (x + ) and f λ − (x − ) are the distribution functions of W + and W − , respectively. Similarly to Ref. [8] , we use the full distribution functions given by Ref. [7] and include all polarizations for the W boson in our calculations.
In Fig.1 , we plot the cross section σ tcνν as a function of m ht for √ s = 500GeV and four values of the parameter K tc . From Fig.1 we can see that σ tcνν increases with increasing the value of K tc and reach the maximum value for m ht = 215GeV . For m ht > 2m t , the σ tcνν drops considerably since the tt channel opens up and the branching ratio B r (h 0 t −→ tc) drops substantially. If we assume that a yearly integrated luminosity of a LC experiment with √ s = 500GeV is about 50f b −1 , then the cross section σ tcνν would yield several tens to hundreds such events in most of the parameter space (m ht ,K tc ). For example, for m ht = 300GeV and K tc = 0.05, there would be 25 such events to be generated at the LC experiments with √ s = 500GeV .
It is well known that, for high energy process involving W + W − fusion, the corresponding cross section grows with the center-mass-energy √ s of colliders. To see the effects of √ s on the production cross section, we plot the cross section σ tcνν versus m ht in Fig.2 for K tc = 0.05 and four values of √ s. The cross section increases from 1.24f b to 9.97f b as √ s increases from 500GeV to 1500GeV for m ht = 250GeV . It is evident from Fig.2 σ Ztc as a function of m ht for K = 0.05 and three values of √ s in Fig.3 . We find that the cross section σ Ztc decreases with increasing the values of m ht or √ s. For √ s ≥ 500GeV , the ratio R 1 is larger than 1 in most of the parameter space. For example, for m ht = 300GeV , K tc = 0.05 and √ s = 500GeV , the ratio R 1 approximately equals to 2. Thus, it is very difficult to detect the top-Higgs h 0 t via the process e + e − −→ Ztc at LC experiments with √ s ≥ 500GeV .
Since the top-Higgs h 0 t can couple to gauge boson pair V V via the quark triangle loop, the top-Higgs may have significantly contributions to process e + e − −→ h 0 t γ −→ γtc. This has been studied in Ref. [5] for the neutral top-pion π For m ht ≤ 350GeV , gg is one of the dominant decay modes of the top-Higgs h 0 t . h 0 t may have significantly contributions to the top-charm production at hadron colliders. This has been extended studied by G. Burdman [4] . His results show that the cross section of the gluon fusion production and subsequent decay of the top-Higgs h 0 t into the tc final state is very large. There will be several thousands of tc events to be generated at the LHC, which are larger than the number of tcν e ν e events produced at the LC experiments.
Thus it is possible that the top-Higgs h 0 t can be more easy detected at the LHC than at the LC experiments. However, we must separate the signals from the large backgrounds before observation of the top-Higgs h 0 t at the LHC. For TC2 models, the underlying interactions, topcolor interactions, are non-universal and therefore do not possess a GIM mechanism. The non-universal interactions result in FCNC vertices when one writes the interactions in the quark mass eigen-basis. Thus, the top-Higgs h 0 t can induce the new flavor changing scalar coupling including the t − c transitions. Considering the production ratio of the FCNC process is negligible small in the SM, we can use the FCNC process to discuss the observability of the top-Higgs h 0 t . In this paper, we calculate the contributions of h 0 t to the processes e + e − −→ tcν e ν e , e + e − −→
Ztc and e + e − −→ γtc and compare the results with each other at the LC experiments with √ s = 500GeV − 1500GeV . Our results show that the processes e + e − −→ tcν e ν e and e + e − −→ γtc can be used to detect the top-Higgs h 0 t at LC the experiments with √ s ≥ 500GeV . However, the process e + e − −→ tcν e ν e is more sensitive to h 0 t than that of e + e − −→ γtc , especially in the LC experiments with √ s ≥ 1000GeV . 
